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AERONAUTICS 

FREE-SPINNING-TUNNEL INVESTIGATION OF A l/20-SCALE 

MODEL OF THE DOUGLAS A4D-1 AIRPLANE 

TED NO. NACA DE 389 

By Walter J. Klinar, Stanley H. Scher, 
and Frederick M. Healy 

SUMMARY 

Spin and recovery characteristics have been determined for a 
l/20-scale dynamic model of the Douglas A4D-1 attack airplane by means 
of tests in the Langley 20-foot free-spinning tunnel. Erect spins and 
recoveries were investigated with the model in the clean condition and 
for loading conditions which include a center external store with and 
without two external wing fuel tanks installed. The effects of changing 
horizontal-tail incidence, opening dive brakes, extending slats, or 
moving the center of gravity forward 10 percent of the.mean aerodynamic 
chord were also determined. The inverted spin and recovery characteris- 
zics were investigated and tests were included to determine the size of 
spin-recovery tail parachute which would provide satisfactory spin 
recovery in the event of an emergency during spin-demonstration flights. 

The model tests showed that the control manipulation most conducive 
to recoveries from spins will be simultaneous full rudder reversal to 
full against the spin and aileron movement to full with the spin (stick 
full right in a right erect spin). However, aileron movement to full 
with the spin should not be required for all loading conditions of the 
airplane, and, therefore, for some conditions it is desirable not to 
move the ailerons with the spin to avoid any possibility of entering a 
roll after spin termination. The results of the model tests indicate 
that for the loading conditions of the Douglas A4D-1 airplane with exter- 
nal stores not installed, satisfactory recoveries should be obtained by 
aileron neutralization and rudder reversal to full against the spin fol- 
lowed shortly,thereafter by,forward movement of the stick. If deliberate 
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spins must be entered with the external stores installed, the horizontal- 
tail incidence should be set at'l2' leading edge down, the slats should 
be locked in the extended position, if possible, and recovery should be 
attempted by reversing the rudder to full against the spin and simul- 
taneously moving the ailerons to full with the spin. Aileron-against 
settings should be avoided, inasmuch as they will have an adverse effect 
on recoveries. Opening dive brakes should have no appreciable effects 
on spins and recoveries. Recoveries from inverted spins should be accom- 
plished satisfactorily by neutralization of all controls. A 7.5-foot- 
diameter (laid-out-flat) flat-type tail parachute with a drag coefficient 
of 0.7 attached to a TO-foot towline should be adequate as an emergency 
spin-recovery device. 

INTRODUCTION 

At the request of the Bureau of Aeronautics, Department of the Navy, 
an investigation has been made of a l/20-scale model of the Douglas A4D-1 
airplane in the Langley 20-foot free-spinning tunnel. The A4D-1 airplane 
is a jet-propelled, low swept-wing, single-seat attack airplane. 

Erect- and inverted-s&in and recovery characteristics of the A4D-1 
model in the clean condition were determined for the normal gross-weight 
loading with the center external store removed and with the horizontal 
tail set at 4O leading edge up. For this loading condition, the effects 
on erect spins and recoveries of extending dive brakes, extending slats, 
or moving the center of gravity forward 10 percent of the mean aero- 
dynamic chord were determined. In addition, the effects on erect spins 
and recoveries of adding the 1,050-pound center store below the fuselage 
and the effects of adding the center store plus fuel tanks below the wing 
were studied for both the slat-retracted and slat-extended conditions. 
The effects of setting the horizontal tail at l2O leading edge down were 
investigated for the loading with the center external store installed. 
The size of spin-recovery tail parachute necessary to insure satisfactory 
spin recovery during an emergency in spin-demonstration flights of the 
airplane was also determined. 

An appendix is included which presents a general description of the 
model testing technique, the precision with which model test results and 
mass characteristics are determined, variations of model mass character- 
istics occurring during the tests, and a general comparison between model 
and airplane results. 
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SYMBOLS 

b 

E 

X/T 

m 

Ix - IY 

nib2 

=Y - Iz 

Irib2 

Iz - Ix 

mb2 

P 

P 

a 

wing span, ft 

mean aerodynamic chord, ft 

ratio of distance of center of gravity rearward of 
leading edge of mean aerodynamic chord to mean 
aerodynamic chord 

ratio of distance between center of gravity and fuselage 
reference line to mean aerodynamic chord (positive 
when center of gravity is below line) 

mass of airplane, slugs 

moments of inertia about X, Y, and Z body axes, 
respectively, slug-ft2 

inertia yawing-moment parameter 

inertia rolling-moment parameter 

inertia pitching-moment parameter 

air density, slugs/cu ft 

relative density of airplane, m/pSb 

angle between fuselage reference line and vertical 
(approximately equal to absolute value of angle of 
attack at plane of symmetry), deg 

angle between span axis and horizontal, deg 

full-scale true rate of descent, ft/sec 

full-scale angular velocity about spin axis, rps 
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The l/20-scale model of the Douglas A4D-1 airplane was furnished by 
the Bureau of Aeronautics, Department of the Navy, and was prepared for 
testing by the Langley Aeronautical Laboratory of the National Advisory 
Cormnittee for Aeronautics. 
is shown in figure 1. 

A three-view drawing of the model as tested 

The size, shape, and position of the center external store as tested 
on the model are shown in figure 2, and the size, shape, and positions of 
the external fuel tanksare shown in figure 3. Inasmuch as the exact 
dimensions of the center store were not available, the shape was arrived 
at on the basis of the mass data and of a sketch shown on a general- 
arrangement drawing of the airplane. It is felt that the store used is 
fairly close to the actual store shape. 
of the airplane are presented in table 1. 

The dimensional characteristics 

shown in figures 4 and 5. 
Photographs of the model are 

The model was ballasted to obtain dynamic similarity to the airplane 
at an altitude of 15,000 feet (p = 0.001496 slug/cu ft). A remote-control 
mechanism was installed in the model to actuate the controls for the 
recovery attempts. Sufficient torque was exerted on the controls for the 
recovery attempts to reverse them fully and rapidly. 

The normal maximum control deflections used on the model during the 
test (measured perpendicular to the hinge lines) were: 

Rudder, deg . . . . . . . . . . . . . . . . . 
Elevator, deg (with respect to horizontal ;arlj . . 

25 right, 25 left 

Ailerons, deg . . . . . . . . . . . . . . . . . . . 
25 UP, 15 d0m 
20 up, 20 down 

The extremes in horizontal tail incidence used on the model were 40 lead- 
ing edge up and 120 leading edge down. All tests were made with slats 
retracted, except as indicated. 

RESULTS AND DISCUSSION 

The results of the model tests are presented in charts 1 to 8 and 
in table II. Spins to the pilot's right and left were similar, and the 
data are arbitrarily presented in terms of right spins. Model loading 
conditions investigated, as indicated on the charts and in table II, are 
listed in table III along with airplane loading conditions. 
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Erect Spins; No External Stores; Horizontal-Tail 

Incidence, 4O Leading Edge Up 

Clean condition.- Chart 1 presents the results of erect-spin and 
recovery tests made with the model in the clean condition at the normal 
gross-weight loading with the center external store not installed 
(loading 1 in table III). The aileron-neutral spins were steep with a 
whipping motion, the aileron-against spins were oscillatory primarily in 
roll and yaw, and the aileron-with spins were very steep. In addition 
to the spin, a no-spin condition was also obtained for most of the control 
settings tested. The model recovered rapidly by rudder reversal from all 
spins obtained. The results indicate that for this loading the recovery 
characteristics of the airplane by use of the normal control manipulation 
for recovery (full rudder reversal followed approximately one-half turn 
later by forward movement of the stick) should be satisfactory. 

Dive brakes or slats extended.- Erect-spin and recovery test results 
obtained with dive brakes extended or with slats extended are presented 
in charts 2 and 3, respectively. These tests were conducted for the nor- 
mal gross-weight loading with center external store removed (loading 1 
in table III). The results show no appreciable differences from the 
results obtained for the clean condition. 

Mass variations.- The results of the tests of the model with the 
center of gravity moved forward 10 percent of the mean aerodynamic chord 
from normal (loading 2 in table III) are presented in chart 4. Compari- 
son of the data presented in chart 4 with that presented in chart 1 indi- 
cates that moving the center of gravity forward had a somewhat adverse 
effect. This is evidenced by the lack of no-spin conditions with'the 
center of gravity moved forward (chart 4) and also by the fact that for- 
ward movement of the center of gravity caused poorer recoveries by rudder 
reversal alone from the aileron-full-against spins. When the ailerons 
were moved from full against to full with the spin as the rudder was 
reversed, however, recoveries from the aileron-against spins were rapid, 
the ensuing motion after termination of the spin being an aileron roll. 
Although not specifically tested for this loading, analysis indicates 
that movement of the ailerons to only neutral in conjunction with rudder 
reversal and subsequent forward movement of the stick should lead to 
satisfactory recoveries from spins entered by the airplane with the ailer- 
ons full against the spin and the stick at or near full back. This analysis 
is based on the rapidity of the recoveries obtained when ailerons were 
moved to full with the spin in conjunction with rudder reversal and on 
results of subsequent tests conducted for another loading condition, in 
which ailerons were neutralized in conjunction with rudder reversal. It 
'should be pointed out that the indicated adverse effect of moving the 
center of gravity forward on recovery by rudder reversal alone has also 
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been noted on other models with sweptback or delta wings and with mass 
arrangements in which the weight is heavily distributed along the fuselage 
as it is on the Douglas A&D-l airplane. 

Although no tests were conducted on the model'for the other loading 
conditions tabulated in table III as being possible on the airplane with 
no external stores installed, analysis indicates that the spin-recovery 
characteristics of the airplane for these conditions should be similar 
to those for the conditions investigated on the model. That is, for 
loadings in which the center of gravity is near the quarter-chord point, 
recovery should generally be satisfactory by rudder reversal followed 
shortly thereafter by forward movement of the stick. 
tions of the center of gravity, however, 

For forward posi- 
if spins are entered with ailer- 

ons at or near fXU against the spin, aileron movement to at least neutral 
in addition to rudder reversal will be required for recovery. 

Erect Spins; Stores Installed 

Normal GOSS weight; horizontal-tail incidence, Pi 4O leading edge up.- 
The results of tests~made on the model for the normal gross-weight 
loading which includes the 1,050-pound center external store (loading 5 
in table III) with slats retracted and extended and with the horizontal- 
tail incidence set at ho leading edge up are shown in chart 5. Instal- 
lation of the center external store had an adverse effect on the model 
spin-recovery characteristics. With slats retracted, the recovery charac- 
teristics by rudder reversal alone were considered unsatisfactory on the 
basis of the poor recoveries obtained from the criterion spin (elevator 
full up and ailerons one-third against the spin, and for recovery, either 
rudder or ailerons and rudder moved almost their full travel; as is indi- 
cated in the appendix, if recovery requires more than 2r turns for this 

4 
control setting and control manipulation, the recovery characteristics 
of 'the airplane are considered unsatisfactory). The recovery character- 
istics were improved considerably when simultaneous rudder reversal and 
aileron movement to with the spin were employed, but the recoveries were 
not considered &tisfactory because slow recovery was still possible from 
the criterion spin. When the slats were extended, the recoveries obtained 
by simultaneous rudder and aileron movement were satisfactory, and although 
recoveries were not attempted for this condition by rudder reversal alone, 
analysis based on subsequent tests for another loading indicates that rud- 
der reversal alone would have been ineffective. It should be noted that 
for recovery attempts made by movement of ailerons to with the spin in con- 
.junction with rudder reversal, the spin often terminate&in an aileron 
roll. The model results indicate, however, that a roll would be less 
likely to occur on the airplane if the stick is maintained full back than 
for neutral or forward stick positions. The beneficial effect on recovery 
of extending slats for the subject model is in agreement with results 
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given in reference 1, wherein it is shown that such a beneficial effect 
may be expected for airplanes loaded relatively more heavily along the 
fuselage than along the wings. 

Normal gross weightLhorizontal-tail incidence, l2O leading edge 
down.- The results of tes'ts-madeon the model for the normal gross-weight 
loading (loading 5 in table III) with slats retracted and with the 
horizontal-tail incidence at 12' leading edge down are shown in chart 6. 
Comparison of charts 5 and 6 indicates that placing 12O leading-edge-down 
incidence on the horizontal tail had a favorable effect. In this condi- 
tion the model was less prone to spin thsn it was with the horizontal- 
tail incidence at 4' leading edge up; that is, the model would not then 
spin when the ailerons were either neutral or with the spin. In addition, 
recoveries from the aileron-against spins by aileron movement and rudder 
reversal were improved. This is particularly apparent for the criterion 
spin, where neutralization of ailerons in conjunction with rudder reversal 
leads to satisfactory recoveries.. On the .f?ill-scale airplane it would 
appear desirable to move ailerons to f'till with the spin to insure recovery. 
To avoid recovering into an aileron roll it is advisable to keep the stick 
fullback until the rotation ceases. On the basis of these tests it is 
apparent that the best incidence of the horizontal tail for spins on the 
full-scale airplane is 12' leading edge down. 

Alternate gross weight, long range.- The results of tests made on 
the model for a loading closely simulating the alternate gross-weight, 
long-range loading which includes the center external store plus two full 
external fuel tanks (loading 6 in table III) and with the horizontal-tail 
incidence set at 4O leading edge up are presented in chart 7. The data 
are presented both for the slat-retracted and the slat-extended conditions. 
The results indicate that the spin and,recovery characteristics of the 
model for this loading were not appreciably different from those obtained 
when the center store alone was installed. 

Other loading conditions.- Results of brief tests and analysis indi- 
cate That, for the other loading conditions lsresented in table III which - 
are possible on the airplane when the 1,050-pound center external store 
is installed, satisfactory recoveries should be obtained if the horizontal- 
tail incidence is first set'at l2O leading edge down, the slats are 
extended, and the following..control ma&iLation is utilized: movement of 
ailerons to full with the spin in conjunction with full rudder reversal. 
If the larger external center stores are of approximately the same size 
and shape as the 1,050-pound center store investigated on the model, the 
above recovery procedure should also be satisfactory for the loadings 
listed in table III which include the larger external center stores. 
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Landing Condition 

Current military specifications require airplanes to be spin- 
demonstrated in the landing condition from only a one-turn (or incipient) 
spin, and inasmuch as spin-tunnel test data are obtained for fully devel- 
oped spins, the landing condition was not investigated on the model. 
Recovery characteristics in the landing condition may be of significant 
importance, however, because stall tests of airplane, generally made 
at an altitude in the landing condition early during the flight-test pro- 
gram, may result in an inadvertent spin. Analysis indicates that, 
although recoveries from fully developed spins may be unsatisfactory 
(based on the study presented in ref. 2 of the results of tests of many 
models with landing gear and flaps extended and retracted), the Douglas 
A4D-1 airplane should recover satisfactorily from an incipient spin in 
the landing condition. Therefore, if a spin is inadvertently entered in 
the landing condition at any time, the flaps and landing gear should be 
retracted and recovery attempted immediately. 

Inverted Spins 

The results of the inverted-spin and recovery tests of the model in 
the clean condition are presented in chart 8. The order used for pre- 
senting the data for the inverted spins is different from that used for 
erect spins. For inverted spins, "controls crossed" for the established 
spin (right rudder pedal forward and stick to the left of the pilot for 
a spin to the right of the pilot) is presented to the right of the chart 
and "stick back" is presented at the bottom. When the controls are 
crossed in the established spin, the lateral controls aid the rolling 
motion; when the controls are together, the lateral controls oppose the 
rolling motion. The angle 31 and the elevator position in the chart are 
given as up or down relative to the ground. 

Results of the inverted spin tests for the normal loading condition 
with center store removed (loading 1 in table III) presented in chart 8 
and results of some brief inverted-spin tests with the model in the nor- 
mal loading condition with the 1,050-pound center external store installed 
(loading 5 in table III) which are not presented in chart form indicate 
that either full rudder reversal or neutralization of all controls should 
lead to satisfactory recoveries from inverted spins. To avoid pilot con- 
fusion, it is recommended that the latter recovery technique be employed. 

Spin-Recovery Parachute Tests 

The results of tests made to determine the size of tail parachute 
Thich would give satisfactory recovery if opened during an emergency while 
the Douglas A4D-1 airplane is being spin-demonstrated are presented in 
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table II. These tests were conducted for the normal loading condition 
with the center store removed (loading 1 in table III) and with the rud- 
der held with the spin. The results indicate that a 7.5-foot-diamter 
(laid-out-flat) flat-type parachute with a drag coefficient of 0.7 and 
a towline 30 feet long should be adequate. Some other type of tail para- 
chute giving equivalent drag could also be used for satisfactory recovery. 
Results of an investigation in which both stable and unstable parachutes 
were used for spin recovery are presented in reference 3. 

Recommended Recovery Technique and Control Forces 

The ailerons and rudder will be the most effective controls in pro- 
ducing recovery from spins, and the positions of these controls which 
lead to most rapid termination of the spins are ailerons full with the 
spin (stick full right in a right erect spin) and rudder full against the 
spin. Aileron movement to full with the spin should not be required for 
all loading conditions on the airplane, however, and where not necessary 
it is desirable not to move the ailerons to with the spin to avoid any 
possibility of entering an aileron roll after termination of the spin. 
On this basis, the recovery procedures recommended for the various 
airplane conditions are as follows: _ 

For erect spins entered with no external stores installed on the 
airplane, normal control movement should be employed for recovery; that 
is, the ailerons should be maintained at or moved laterally to neutral, 
the rudder should be moved to full against the spin, and approximately 
one-half turn later the stick should be moved forward. Care should, of 
course, be exercised not to enter a spin in the opposite direction and 
therefore the rudder should be neutralized as the rotation ceases. 

With external stores.installed on the airplane, deliberate spins 
should be avoided. If erect spins must be deliberately entered with the 
center external store or external wing fuel tanks or a combination of 
the two installed, the slats should be locked in the extended position, 
if possible, and the horizontal-tail incidence should be set at 
12' leading edge down prior to entry into the spin. Control manipulation 
for recovery should be as follows: fully reverse the rudder against the 
spin and simultaneously move the ailerons to full with the spin. When 
the spinning rotation stops and the airplane begins to glide or begins 
to roll with the ailerons, neutralize the stick laterally and move it 
forward longitudinally to regain normal flight. During the recovery pro- 
cedure it is advisable to keep the stick full back until it is obvious 
that the airplane is out of the spin, inasmuch as the airplane should be 
less inclined to roll with the ailerons after termination of the spin for 
rearward positions of the stick than for longitudinally neutral or for- 
ward stick positions. If after applying the recovery procedures recom- 
mended previously the airplane shows no indications of recovering from 

‘I II I I I I I I 
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the spin, the external stores should be jettisoned and recovery should be 
reattempted. If a spin is entered inadvertently with external stores 
installed, immediate remedial control movement as indicated previously 
should be applied to prevent the attainment of a developed spin. 

If a spin is inadvertently entered while the flaps or landing gear 
are extended, they should be retracted and recovery attempted immediately. 

For recovery from inverted spins, all controls should be neutralized. 

No consideration has been given to the forces that would be required 
to move the controls for recovery. To assure satisfactory recoveries from 
spins, provision should be made to insure that the pilot can move the con- 
trols fully and rapidly. 

CONCLUSIONS 

Based on the results of tests of a l/20-scale model of the 
Douglas A4D-1 airplane in the free-spinning tunnel, the following conclu- 
sions regarding the spin and recovery characteristics of the airplane at 
an altitude of 15,000 feet are made: 

1. The control movement most conducive to recoveries will be simul- 
taneous full rudder reversal against the spin and aileron movement to 
full with the spin (stick full right in a right erect spin). Aileron 
movement to full with the spin, should not be required for spin recovery 
for all conditions of the airplane;however, and therefore for some con- 
ditions it is desirable to neutralize the ailerons rather than to move 
them to with the spin in order to avoid any possibility of entering a roll 
after spin termination. The conclusions that follow indicate the recom- 
mended control manipulation for the various airplane conditions. 

2. For the normal gross-weight loading without center external store 
and with slats extended or retracted, either the airplane will spin in a 
steep whipping fashion when the ailerons are at neutral, or the airplane 
will not spin. Satisfactory recoveries should be achieved from any spins 
obtained by using normal spin-recovery control manipulation: maintain 
the stick at or move it laterally to neutral, move the rudder briskly to 
full against the rotation, and approximately one-half turn later move the 
stick forward. This control manipulation should also lead to satisfac- 
tory recoveries for other loading variations when no external stores are 
installed on the airplane. 

3. Intentional spinning of the airplane with external stores attached 
should be avoided. If the airplane must be spun deliberately with the 
center external store or wing fuel tanks or a combination of the two 
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installed, the slats should be locked in the extended position, if pos- 
sible, and the horizontal-tail incidence should be set at 12' leading 
edge down prior to entry into the spin.. Recovery should be attempted 
by simultaneous movement  of the rudder to full against the spin and of the 
ailerons to full with the spin with the stick maintained full back. If 
recovery does not appear imminent after a  few turns, the external stores 
should be jettisoned and recovery reattempted. 

4. For recovery from erect spins the most favorable slat position 
will be  fully extended, and the most favorable horizontal-tail incidence 
will be  12O leading edge down. 

5. Extending the dive brakes should have little effect on spins and 
recoveries. 

6. Neutralizing all controls should lead to satisfactory recoveries 
from inverted spins. 

7. A 7.5-foot diameter (laid-out-flat) spin-recovery tail parachute 
with a  drag coefficient of 0.7 and attached with a  30-foot towline will 
be  adequate to provide satisfactory spin recovery if an  emergency arises 
during spin-demonstration flights. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., December 28, 1954. 

Aeronautical Research Scientist 

Stanley 6. Scher 
Aeronautical Research Scientist 
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METHODS AND PRECISION 

Model Testing Technique 

The operation of the Langley 20-foot free-spinning tunnel is gener- 
ally similar to that described in reference 4 for the Langley l5-foot 
free-spinning tunnel except that the model-launching technique is differ- 
ent. With the controls set in the desired position, a model is launched 
by hand with rotation into the vertically rising air stream. After a num- 
ber of turns in the established spin, a recovery attempt is made by moving 
one or mo-re controls by means of a remote-control mechanism. After recov- 
ery, the model dives into a safety net. The tests are photographed with a 
motion-picture camera. The spin data obtained from these tests are then 
converted into corresponding full-scale values by methods described in 
reference 4. 

Spin-tunnel tests are usually performed to determine the spin and 
recovery characteristics of a model for the normal spin-control config-ura- 
tion (elevator full up, lateral controls neutral, and rudder full with the 
spin) and for various other lateral control and elevator combinations 
including neutral and maximum settings of the surfaces. Recovery is gener- 
ally attempted by rapid full reversal of the rudder, by rapid full rever- 
sal of both rudder and elevator, or by rapid full reversal of the rudder 
simultaneously with moving ailerons to full with the spin. The particular 
control manipulation required for recovery is generally dependent on the 
mass and dimensional characteristics of the model (refs. 5 and 6). Tests 
are also performed to evaluate the possible adverse effects on recovery 
of small deviations from the normal spin-control configuration. For these 
tests, the elevator is set either full up or at two-thirds of its full-up 
deflection and the lateral controls are set at one-third of full deflec- 
tion in the direction conducive to slower recoveries, which may be either 
against the spin (stick left in a right spin) or with the spin,,depending 
primarily on the mass characteristics of the particular model. Recovery 
is attempted by rapidly reversing the rudder from full with the spin to 
only two-thirds against the spin, by simultaneous rudder reversal to two- 
thirds against the spin and movement of the elevator to either neutral or 
two-thirds down, or by simultaneous rudder reversal to two-thirds against the 
spin and lateral stick movement to two-thirds with the spin. This control 
configuration and manipulation is referred to as the criterion spin, with the 
particular control settings and manipulation used being dependent on the mass 
and dimensional characteristics of the.model. 

Turns for recovery are measured from the time the controls are moved 
to the time the spin rotation ceases and the model enters a dive or a 
vertical aileron roll. Recovery characteristics of a model are generally 
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considered satisfactory if recovery attempted from the criterion spin in 
any of the manners previously described is accomplished within 2k turns. 

4 
This value has been selected on the basis of full-scale-airplane spin- 
recovery data that are available for comparison with corresponding model 
test results. 

For spins in which a model has a rate of descent in excess of that 
which can readily be obtained in the tunnel, the rate of descent is 
recorded as greater than the velocity at the time the model hit the safety 
net; for example, >300 feet per second, full scale. In such tests, the 
recoveries are attempted before the model reaches its final steeper atti- 
tude and while it is still descending in the tunnel. Such results are 
considered conservative; that is, recoveries are generally not as fast as 
when the model is in the final steeper attitude. For recovery attempts 
in which a model strikes the safety net while it was still in a spin, the 
recovery is recorded as greater than the number of turns from the time 
the controls were moved to the time the model struck the net, as >3. A 
>3-turn recovery, however, does not necessarily indicate an improvement 
over a >7-turn recovery. When a model recovers without control movement 
(rudder held with the spin), the results are recorded as no spin. 

For spin-recovery parachute tests, 
required to effect recovery within 2A 

the minimum-size tail parachute 

4 
turns from the criterion spin is 

determined. The parachute is opened for the recovery attempts by 
actuating the remote-control mechanism and the rudder is held with the 
spin so that recovery is due to the parachute action alone. The para- 
chute towline is generally attached to the bottom rear of the fuselage. 
The folded spin-recovery parachute is placed on the model in such a posi- 
tion that it does not seriously influence the established spin. A rubber 
band holds the packed parachute to the model and when'released allows the 
parachute to be blown free of the model. On full-scale parachute instal- 
lations it is desirable to mount the parachute pack within the airplane 
structure, if possible, and it is recommended that a mechanism be employed 
for positive ejection of the parachute. 

Precision 

Results determined in free-spinning tunnel tests are believed to be 
true values given by models within the following limits: 

a,deg .............................. fl 
$,deg .............................. fl 
V, percent. ..... ; ..................... f5 
R,percent ............................ f2 
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Turns for recovery obtained from motion-picture records . . . . . . . @ 

Turns for recovery obtained visually . . . . . . . . . . . . . . . & 
-2 

The preceding limits may be exceeded for certain spins in which it 
is difficult to control the model in the tunnel because of the high rate 
of descent or because of the wandering or oscillatory nature of the spin. 

The accuracy of measuring the weight and mass distribution of models 
is believed to be within the following limits: 

Weight, percent .......................... fl 
Center-of-gravity location, percent F ............... fl 
Moments of inertia, percent .................... &5 

Controls are set with an accuracy of *lo. 

Variations in Model Mass Characteristics 

Because it is impracticable to ballast models exactly and because of 
inadvertent damage to models during tests, the measured weight and mass 
distribution of the A4D-1 model varied from the true scaled-down values 
within the following limits: 

Weight, percent . ..... .... 0 low to 2 high 
Center-of-gravity location, percent F 

................... 
.. .. .. . 0 

Moments of inertia: 
Ix, percent ................... 0 low to 4 high 
IY, percent ................... 0 low to 6 high 
Iz, percent .................... 1 low to 3 high 

Comparison Between Model and Airplane Results 

Comparison between model and full-scale results in reference 7 indi- 
cated that model tests accurately predicted full-scale recovery charac- 
teristics approximately 90 percent of the time and that, for the remaining 
10 percent of the time, the model results were of value in predicting some 
of the details of the full-scale spins, such as motions in the developed 
spin and proper recovery techniques. The airplanes generally spun at an 
angle of attack closer to 45O than did the corresponding models. The com- 
parison presented in reference 7 also indicated that generally the air- 
planes spun with the inner wing tilted more downward and with a greater 
altitude loss per revolution than did the corresponding models. 
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TARLE I.- DIMENSIONAL CHARACTEXISTICS OF 

TID3 DOUGLAS A&D-l AlRpLANEAss- 

BY THE l/20-SCALE MODEL 
. . . 

4  . 
. Overalllength.ft ............................. 38.44 

wing: 
Span.fiJ 
Area,sqft 

.............................. 
. ................................. 2;97:58 

Rootchord.in. ........ : .................... 186 
Tip chord (theoretical), in. ....................... 42 
a.in ................................. ..l2g -64. 
Longitudinal distance between leading edge of root chord 

analeaaingedgeof F,in. ...................... 
;. 

56.36 
Aspectratio .... ......................... 2.91 
Taperratio .............. . ................ 0.23 
Sweepback at 0.25-chora Ibe ..................... 
Dihedral (at trailing edge), deg 

33°~'24" 
..................... 2.67 

Incidence.aeg .............................. 0 
Airfoil section: 

Root .................... NACA 0008-Ll-25-.0875 (.5 x 230) 
Tip .................... NACA 0005-.825-50-.0787 (.5 x 230) 

Ailerons: 
Area (both), sq ft ............................ 
Span,percentb/2 

15.97 
............................ 44.5 

Chord, rearwar a of hinge line, in. .................... 16 

Slats: 
Span,percentb/2 ............................ 54.5 

Horizontal tail: 
Span,ft.................... 
Area,sqft . . . . . . . . . . . . . . . . . . 
Stabilizer sxea, forward of elevator hinge line, 
Elevator area, resxwsxd of hinge line, sq ft . . 
Sweepback at 0.25-chord line . . . . . . . . . . 
Root chord, -in. . . . . . . . . . . . . . . . . 
Tip chord (theoretical), in. . . . . . . . . . . 
Distance from leading edge of wing at root 

............. 11.33 

............. 45.85 
sqft .......... 34.74 
............. 11.11 
.... . ...... .34?zL'54" 
.............. 80 
............. 22 

to leading edge of stabilizer at root, ft . . 
Dihedral, deg . . . . . . . . . . . . . . . . . 
Airfoil section: 

. . . . . . . . . . . . .  20.29 

............. 0 

Root..................... . . . . NAai ooo7-1.~25-.07651 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . NACA ooo4-.&5+o-.o62g1 

Vertical tail: 
Span.ft ........................ 
Area,sqft ...................... 
Fin area (including rudder balance), sq ft ....... 
Rudder sxea, rearward of hinge line, sq ft. ...... 
Sweepback at 0.25-chord line, deg. ........... 
Root chord, in. .................... 
Tip chord (theoretical), in. .............. 
Distance from leading cage of wing at root 

to leading edge of fin at root, ft .......... 
Airfoil section: 

Root .......................... 
Tip .... . .................... 

......... 7.87 

......... 

......... 2';: 
.......... 
......... 

9;; 
......... 128.25 
......... 25 
......... 16.21 

NACA ooo7-1.1-25-.o874g 
NAc!.A ooo4-.825-5o-.o62gl 
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TABLE II.- SPIN-RECOVERY TAIL-PARACHUTE DATA 

OBTAINED WITH THE l/20-SCALE MODEL OF THIZ 

DOUGLAS A4D-1 AIRPLANE 

C Model loading 1 in table III. Recovery attempted by opening 
tail parachute; right erect spins; horizontal-tail inci- 
dence, k" leading edge up; clean condition. Control setting 
for spin: elevator full up, 
full with spin. 

ailerons full against, rudder 
Model values have been converted to cor- 

responding full-scale values. 3 

17 

Turns for Recovery 



TABLE III.- WSS CHARACTERISTICS AND INERTIA PARAMETERS FOR TRE U)ADINGS OF 

THE WUGLAS A@-1 AIRPLANE AND FOR LOADINGS TESTED ON THE &-SCALE MODEL 

[values given are nlu scale, and moments Of inertia *e given about the center Of  lgwity; lallaillg gear up; values 
caqoutea L-ram inrormotion presented in El%. s  and 9.1 

NC. Lading 

I I I 1 , I I I , I 

Airplane values 

1 
Normal Sross might 

with centor atore NC"@3 rsmbt‘ea 13,313 0.269 0.110 24.33 38.67 649 18,100 22.240 -383 x  10-4 -1% 

Loading No. 1 with 
2 centsr CC gravity moved NC”0 13,313 0.169 0.110 24.33 36.67 649 18.100 forward to 17 psrcent 5 22,240 -383 -ly- 

Alternate @'cm 
3 *eight - righter NO”0 13.800 0.256 0.14 25.25 40.13 6217 18.735 22,800 -386 -u5 

Extreme braan Nom ccndltlo"~ rlth heavy NC”0 lo.659 0,167 0.079 19.48 30.96 6075 20,823 25.085 -509 -170 
external ata-ee Tall rmovad hsnvj NC”0 8.910 0.275 0.079 16.30 25.91 6065 18.707 22,924 -603 -201 

Worn1 Srcs. weight 
(1050.lb centw Center 
stora on) 

4.400 0.259 0.133 26.31 41.81 6551 18.943 22.683 -367 -111 

1 6 j^'~~~,;~{jM /Dent eP 16.433 0.260 0.168 29.98 47.65 9823 19.489 23.3% 251 -152 
._ - - - _ - , 

!g' 
NOSO 
heaw centw =.5dc 0.161 0.094 22.85 36.~ 6482 23.455 26.617 -578 -107 

0") E.it, Oent*r w504 0.300 0.201 22.85 36.32 70% 23.371 25.929 r554 -67 
I 7 

Deal&" flight e 
relght (1050- 
center store 

!,,“““~I?‘tL I -c”tzr_ I 19.910 1 0.210 1 0.197 1 36.37 1 57.8lT9764 125.760 13l.E?4 c'llri! -130 
I 

-tWuLf d 1 

a 
weight t;;75-. 
c*ntsr atom plus 2 Y--v I I '";n=:," RI --- I I 
LGTG-lb ring .tcma E&I &, ;,, 119,910 ( 0.270 ( &'i ( 

-_. _. I --. I- - 'I-. I 
36.37 -130 on 57.81 9764 26,525 32.589 359 

I I I I I I I I I I I 
9 I Altsmata &'c.. 

re1ig.a - (p50-1b ov,cl~d ( center oanter c .tOCe On) (16.6~0 ( 0.254 ( 0.166 1 30.37 ( 48.27 16954 (2%368(23.721 I* I-86 

Yodel ra1u*m 

1 
No~rml grcs. rslght 

with center Itom NOlIt l3,61k remcvsd 0.259 O.&Y+ 24.90 39.57 

~ 

Long r*ng. (2 ext*rnu lull Canter , 

-390 I -126 
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CHART l.- EFCECT SPIN 
N O W  GROSS-WRIGHT 

AND RECOVERY CHAFIACTERISTICS dF THE MODEL IN TEE 
IOADINC W ITHOUT CENTER EXTERNAL STORE INSTALLED 

[Yodel loading 1 In tlbls III; horlsont.Pl-tmll incidence, b" ls,dlng edge up; recover, 
lttemptsd by rapid full rudder reversal exoept P.V lndlc*ted (recovery attempted tro 
and steady-spin data presented for. rudder-full-with spins); apin to.pilot'a right 4"' 

hiier0na ruu againat -.. 
(Stick left) 

‘h :!4 i 
B %  0.33 

P* 6 

t bCf1 

I:il 

>290 

i 

c,r 

LOsclllatory and rmderlng apln. 
ho-spin condition also observed.; model 

rent inverted. 
?3teep apln, recoveFg attempted before rim1 

Model values 
converted Lo 

attitude. corresponding 
dNo-spin condltlon alao obasrved; model full-scale values. 

dived. U inner wing up 
"Recovery fittempted by reversing rudder from 

D inner wing down 

full with to ; agalmt the spin. 
Average or rug. or 

rlluea given. 

'Whipping spin. 
gReconred in. dive. 
%Iecoversd in .n llleron roll. 
1Wanderlng spin. 
JEntsred an aileron roll. 

B NO SPIN 

19 



20 NACA Iir;l SL55AO6 

. . . 

. . . 

. 
: 

. . 

CHART 2.- SPIN AND RECOVERY CRARACTERISTICS OF THE MODEL WITH 
DIVE PRAEES EXTENDED FOR THF, NORMAL GROSS-WEIGEl'  LOADING WITECUT 

CENTER EXTERNAL STORE IllSTALLED 

[Hods1 loading 1 in table II~;horlzontal-tall incidence, 4" leading edge up; recovery attempted 
by rapid full rudder reversal, except P. indicated (r‘,cOVOry attempted from, and l te*dy-8pln 
data presented for, rudddr-full-with spins); erect aplna to pllot'a righti 

c 0.g 
-Iv--?---- , 

+I 
a a 
2-d 
32 
a ofi 

g- 
52 
ZB 
r4 ‘3 
s:: 
2: 0-r 
ii 

Ailerona full against 
(Stick lert) 

Ulerona ruii with 

E-- aE 
=I: 
2:: 
;$ 
f?z 0-r 
w” 

Ii!3 NO 9PIN 

*Oscillatory anb wandering spin. 
bNo-apin condition also obtained. 
CWblpplng and wandering spin. 
dRecovery rtrsmpted by reveralng rudder from full 

with to 2 3 
againat the spin. 

eRRecovered in a dive, turning slightly to the left. 
%th slor-turning non-oaclllatOry apin and rapid, 

whipping apln obaervad; rapid recoveries from both. 
gSteep apln, recovery attempted before flnalatolttie. 

Yodel values 
converted t.0 
corresponding 
full-scPls valuea. 
U inner ring up 
D inner ring down 
Average m range or 

value8 given. 

I---. 
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CHART 3.- SPIN AND RECOVERY CHARACTERISTICS OF THR YODEL WITH SLATS EXTENDED 
FOR TRR NORWL GROSS-WRIGHT LOADING WITHOUT CENTER EXTERNAL STORE INSTALLED 

j&Yodel loading 1 in table III; horizontal-tall lncidsncs, 4" leading edge up; racoverg attempted 
by rapid full rudder reversal (recovery attempted rrom, 
rudder-full-with spina); erect splna to pilot's right] 

and steady-spin data presented tar. 

4 
=t% 
22 
8% 
5;: *co a- 
il 

J 

*Ifi Al;;:;;; :,ut;ith 

%taep, ride radius spin. 
bSteep spin; recovery attempted before final 

attitude. 
CWhipplng and wandering spin. 
dNo-spin condition alao observed. 
%ntared a dive. turning slightly in the 

direction or the aileron setting. 

Model Values 
converted to 
corresponding 
full-scale values. 
u inner wing up 
D inner wing down 
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CK,RT 4.- SPIN AND RECOVERY CEARACTERISTICS OF THE MODEL WITE ThE 
CENTER OF GRAVITY AT 17 PERCE?m 6 WITHOUT EXTERNAL STORES 

/&de1 loading 2 in table II~horlzontal-tall incidence, 4” leading edge 
attempted by rapid full rudder reversal except .a indicated (recovery 
steady-spin data praaented for, rudder-full-with splnsf;ereCt spins to 

and 

r 

Fe. 
i,Q 
2.2 
;; 
ziz 4- w 

r 

P3 

264 

& = 1s 

r f 

>29a Ailerons full with ->2% 
(Stick right) 0 c $1 ii 1, 2 

4c 40 
@- 2; Fit 4: 0”: 22 CrA :- w 

Model Values 
*Oscillatory and wandering apln. converted to 

bRsoovery attempted by slnultmeoua rsvsrral or corresponding 
rudder t0 full against the spin and eovement full-scale values. 
0r ailerons to run with the apin. " inner wing UP 

D inner wing down 
CRscovered in mn tileron roll. Average or range Oi 
dwandering spin. values given. 
'Recovery attempted by reversing rudder from full 

with to 2 3 against the spin. 
*Steep spin; recovery ~ttemptsd before final 

attitude. 

r 



OWRT 5.- SPIN AND FiECOVERY CSARAC'I '&VSTICS CP TiiE YODEL IN TM NCRKAL CRCSS~WIOET LOADIWL) 
( INCLUDES CENTER EXTERNAL STORE) WITH SLATS RETRACTED AND EXTEHDED 

cdsl loadInS 5 in IxthIII; hoFlvmtal-tail inci*snes. 40 leading edge up; F~Co"e~,.ttempt*d by rapi* P.lll ru**m ~eYor.ml 
89 Indicated ~rseovsr~ .tz.mpted from, .n* atsad,-spin *at. premnted IOF, rudder-lull-.ith apins); sr.ct spins to pilot'. 

I 

UP. ah 
7$, A$.72 

yl,b,C$ 

*Il.Pons full 
b,c b.0 .gllil*t *Ilsranr 

1 
f* a 

- (stick letI (Stick 

I 

~OSClllew~ *wl ..rd.ring .&al. 
~R.oov.~, lttsmptsd b, ,illllt.".ou. re.ei-s.1 of ,'udde~ to full .&"St the spin .nd movement 01 ailWOn~ t0 

lul1.it.h tile spin. 
weoovsrad in PII .llmron Poll. 

YDd.1 n1u.. 
oonr.rt.* to 
GOW.IpXVllUg 
ruu-seala pllu... 
u inner ring up 

*Recorer~ fittempts* by ramrshg mddw a-m full with to 5 l ghut the mph. 

D  inn*r .img *an 
Aver*&* or r.ng. 

%.COv.D,.tt.m*t.* by sImlt.“*aua raversa1 or mJd*ar to 
32 x.gainst th. .pin .nd mov.ment 01 .il.rom to ' rlth J 

"ll".. giv.n. 

the spin. I 
rR.;p"f;i;tt'mpt.d b, simlt.naous ..v,r~.l of rudder to ; .S.i"lt the spin and I)V*rMnt of .i l~Oru t0 full With 

8Ent.r. E.teap glide. turning .ught1,. 
hm1pping .n* rmlsrlng spin. 
hlt*rs .n .i1aron Pall. 
kt.*p spin: raoo,.r, *tt.n*te* b.fOP. ill-d *tt*tu*a. 
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CSART 6.- SPIN AND RECOXRY CHARACTERISTICS OF THE ICDEL IN 

TX3 NORMAL GROSS-XEIGET LOADING (INCLUDES CEEFPER EXTERNAL STORE) 

WITH -12' HORIZONTAL-TAIL INCIDENCE 

[Yodel loading 5 in table III; horlsontal-tall incidence, 12' leading edge darn. recovery 
attempted 8s indicated (recovery attempted from, and 
rudder-full-with spins); erect spins to pilot's right f teady-apln data presenied for. 

I 
I 

( NO SPIN ( 
I I 

Ailerons full against 
b hh 

I I NO SPIN ! 
*6 2 s .w-12e 

FL 

g”“” 
G zl* 

H NO SPIN 

%nderlng and mlightly oscillatory spin. 
bRecovsry attempted by simultaneous reversal of 

rudder to full IIgalnst the spin and movement 
or ailerons to neutral. 

CRecovery attempted by simultaneous reversal or 
rudder to full against the spin and movement 
of ailerons to full with the apln. 

dRecovered in L short dive follored by an aileron 
roll. 

Ailerons 
(Stick 

Yodel vuusa 
converted to 
corrsspondlng 
full-scPle values. 
u inner ring up 
D inner ring down 
Average or range of 

valuea given. 

1 NO SPIN 1 

k 

a 
1 NO SPIN 1 

'Recovered in. short dive followed by. turn. 
rAecovered In L dive. 
gRecover~ attempted by reversing rudder from full rlth to $ against the spin. 

93 ecovsry *ttempted by simultaneous reversal of rudder to 2 against the apin 
and movament or ailerons to neutral. 

'Recovery attempted by slmulj 
3 

and movement of ailerons 
aneous reversal of rudder to 2 *galnat the spin 

T rlth the spin. 3 

'Enterad . dive. 
'Entered .n aileron roll. 
1Recovered in .n aileron roll. 
=vVlsLu1 eat1mate. 



CMRT 7.- SPIN AND RECOVHlY CWGUCTESISTIOS OP TEE lloDEL IN TSE SORWL OROSS-WBIOi iT MADINO PUTS 
EXTERNAL PUEL TANK STORES ( INCLUDES CENTPa EXTERNAL STORE) WITS SI4TS RETRACTED AND EXTENDED 

!jodsl loading 6 in table III;horilontal-t~l lncldenes, 4” lem,ing edge up: raoovsry attempted by NQld full ru3d.r 
9xCeQt .a indicated (recovery attempted from, .nd ,te.d,-,Qin d.t. prsaentad for, rudder-full-with spins); .rect ,Qin, 
Qllct's r1ghq 

i Slata PstrP.3.d Ailerons 1 lgalnst Sl.tn ut.nd.d 
r 

a 2; ,a:: 
FE 
264 0.39 
17. 713 

IO ,= 
IT $* 2 

El No SPIl 

L j”B 
1 *Ilarons nlll u-l AilcrOn; iti1  ul 

258 0.40 - .g.inst - >  298 .ith _  
(stick left) (Stick right) 

pb, >v 31 li 
.C b,c 

1, 1 , 
; 

:i 2 
C*:t 
zl"r:: 
WLY) 

L 

~Oaelll~tory .nd .."derlnS spin. 
Yodel ra1usn 
conrarted to 

""~~O"~r,.tt~~pt~d b, .Imlt.nsOu. ~eve~e.01 of rudder to full eS.inat tha api" md mD.,ement of .il.ron. 
to full with th. rpin. 

corrssQowllng 
ful1-sca1* r*1ues. 

1 
El APQ. 2911 

74, ‘4  

AQQ. ‘ti 298 
%* 2 

CR~oov.rad in .n aileron roll. 
dkorery att8mpted by rev*rs,lng rudder from lull with to ' .g.in.t the spin. 
'Recovery tittempted by sl~ltuwxnu rsreraal of rudder to 32 

; dth th. *pin. J 
.gain.t the ‘pin md mav.m."t of ril.rona to 

u inn.r dng 
D  lmar wing 
Avarage or mngs 

v.hm* glvm. 

*St..p .lo.-turning wlda-radius .pln. 
BEnters . ‘tee+ dive, then t,m”s with. .MP due to ailerona. 
hSteeQ spin, recovery attemptad before fin.1 Ittitudi,. 
~s11gbt1y oIoi11.torJ. 
kanderlng spin. 
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CHART 8.- INVERTED SPIN AND RECOVF.RY CHARACTERISTICS OF THE MODEL IN TIiE 
NORMAL GROSS-WEIGHT LOADING WITHOUT CENTER EXTERNAL STORE I,NSTALLED 

[Yodel loading 1 in table III; horizontal-tall ~ncidsnce, 4O lendinS edge up rlth respect 
to fuaelags refarsnce line when alrpti"e la 1" erect attitude; recovery attempted b7 
rapid full rudder reversal except 88 indicated (recovery attempted from rudder-full-rlth 
spina); apins to pilot's right] 

1 

:a 

El 

.i J 

t* t 

'1 '1 ; 
Z' Z' 

d d 

El3 

%lor, vandsrlng spin. 
briespin condition also obaerrsd, model entered a dive, turning 

slightly in the dtrsctlo" of the aileron setting. 
'No recoveries attempted B rudder reversal but based on results 

obtalnsd when launched with rudder set to oppose the spin 
rotatlo". it appears that ntdder reversal should lead to rapid 
terainatlon of the spin and a subsevent roll in the direction 
of the aileron setting. 

dEntwed an inverted dive. 
'Entered ." aileron roll. 
fwanderlng spin. 
SNo-spin condltlon also observed, mcdsl entered an aileron roll. 
hEntered a vertical dive. 
10sclllatorg. rhlpplng, and wandering spin. 
kecovered 1" a" allsro" roll. 
kRecovsry attempted by rudder "eutrallzatlo". 
lRscovered in. dive. 
%teap spin, recovery attempted before final attitude. 

e 

El NO SPIN 

Turns for 
IVOOVM-, 

I I 

Yodel values 
converted to 
corresponding 
full-acale r*1ues. 
u lnnsr ring up 
D inner ring down 
Average or rmga 

or valuea given. 
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Fuselage reference line 

Figure l.- Three-view drawing of the l/20-scale model of the Douglas 
A&D-l airplane. Center-of-gravity position indicated is for normal 
gyoss-weight loading with center store removed. 



Figure 2.- Size, shape, and position of center external store investigated 
on model. 
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Figure 3.- Size, shape, and location of external wing fuel-tanks 
investigated on model. 
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Figure 4.- 
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Photograph of the l/20-scale model of the Douglas A&-l 
airplane in the clean condition. 
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Figure 5.- Photograph of the l/20-scale model of the Douglas A&D-l 

airplane with slats extended and external wing fuel tanks installed. 


